In this work, natural convection in a non-Newtonian fluid/nanofluid between two vertical plates is investigated. The study was carried out on three types of nanofluids, namely Silver/Water, Oxide CopperWater and Titanium oxide/Water. The mathematical formulation gives a set of strongly coupled nonlinear ordinary differential equations of the second order. These equations, characterizing velocity and temperature distributions, were solved numerically by the Runge-Kutta fourth order method, and analytically by a new Adomian of decomposition approach named the Adomian generalized method (GDM). The results show clearly the effectiveness, accuracy and applicability of the used technique (GDM). Using nanoparticles (Ag, CuO and 2 ) in water as a base fluid substantially increases the coefficient of friction and characteristics of heat transfer. Compared to other works, the generalized Adomian decomposition technique (GDM) offers the advantages of precision and velocity of convergence.
INTRODUCTION
The natural convection of a non-Newtonian fluid / nanofluid between two vertical planar walls attracted the attention of researchers interested in the resolution of non-linear ordinary differential equations characterizing velocity and temperature profiles, either analytically or numerically. The studies conducted by Ostrach [1] and Khalifa [2] showed the effect and importance of non-Newtonian fluids on velocity and temperature profiles for new industrial applications. Jha & al. [3] solved the problem of the natural convection of a viscous incompressible fluid between two infinite parallel vertical walls by using Laplace Transform method.
Noghrehabadi [4] attempted to characterize heat and mass transfer in the natural convection of a fluid on a vertical plate in a saturated porous medium by both a set of coupled non-linear ordinary differential equations, and by digital processing (finite difference method) to account for friction. Rashad [5] gives a theoretical view of the effect of the velocity of uniform perspiration on the natural convection flow of the boundary layer of a non-Newtonian fluid between two non-parallel vertical walls in a porous medium saturated by a nanofluid. The mathematical formulation of this problem gives a set of strongly coupled nonlinear equations that were solved numerically by the method of implicit finite difference. Finally, this study concludes with a comparison with previous works. Narahar [6] succeeded in obtaining an exact solution to account for the natural convection flow of a viscous incompressible fluid between two vertical walls, in the presence of a source of thermal radiation. This study clearly shows the parameterized effect, i.e. the Eckert number (Ec), the Prandtl number (Pr), the dynamic and thermal profiles along with the splice of the limited layer. A two-dimensional study of natural convection using nanoparticles (Au) in a base fluid water was carried out in the Rayleigh rage (103 < Ra < 105) with the volume fraction (0 < < 0.10). And considering the nature of the problem, the equations were solved digitally by Primo Ternik et al. [7] . Niu J et al. [8] Solved the heat transfer problem of a non-Newtonian fluid in a micro nano tube as a power series. This study shows the non-Newtonian property effect of the flow on the parameters like the dynamic profile, thermal, local Nusselt number of the rate of heat transfer. Kargar .A [9] dedicated his study to the analytical solution of natural convection of non-Newtonian fluid between two vertical plates by Homotopy (HPM) method. This study reveals the influence of the Prandtl and Eckert numbers on velocity and temperature profiles. Furthermore, a comparison was made between the numerical and analytical results that were obtained. The work of A.A. Farooq [10] included a thorough comparison between the Runge-Kutta fourth order and the HPM methods; and the study reveals a range of applicability for HPM. Y. Rahmani [11] , for his part, considered the presence of nanoparticles (Ag, Cu, 2 3 , and 2 ) in the water as a base fluid and their influence on the heat coefficient, velocity and temperature distributions. The problem of natural convection flow of a nanofluid has been solved analytically and numerically by the HPM and Runge-Kutta methods respectively.
In recent decades, a new analytical methods appeared such as the method of variation of iterations (VIM) [12] [13] , reconstruction method of iterations changes (RVIM) [14] , the spectral Homotopy method (SHPM) [15] , the Adomian decomposition method (ADM) [16] and the Adomian Modified decomposition [17] [18] . These methods provide a rapidly converging solution and require no discretization with a very high accuracy.
In this work, we study the natural convection in a non-Newtonian fluid / nanofluid between two vertical plates using three types of nanofluids namely Silver-water, Oxide Copper-Water and Oxid Titaniumwater. Strongly coupled nonlinear ordinary differential equations of the second order are proposed. They were solved numerically by the fourth order Runge-Kutta method, and analytically by a newe Adomian decomposition approach named the Adomian generalized method (GDM) walls [19] .
MATHEMATICAL FORMULATION
Natural convection of a non-Newtonian fluid / nanofluid between two vertical flat plates travelling the distance 2b ( Figure 1) 
Figure 1. Flow geometry
It is assumed that the temperature on the walls is constant in 1 and 2 respectively.
The motion of an incompressible viscous nano-fluid in Cartesian coordinates is given as follows [22] :
In Cartesian coordinates, the energy equation of the natural convection for an incompressible nanofluid standing between two flat walls takes the following form: = (1 − ). + .
where the solid volume fraction
In a solid-liquid mixture (nano particles and base fluid), the volume fraction of the nanoparticles is defined as the solid volume of the nanoparticles Vs divided by the sum of the volumes of all components making up the nanofluid (liquid and solid). Therefore, the φ volume fraction is given by
For the investigated problem, it is very important to make the normalization of the equations; and for that purpose, we have to consider the dimensionless variables , and defined by:
where Non-dimensional velocity or general nonlinear operator Non-dimensional temperature or general nonlinear operator
Taking into account the equation (3) and system (5), the equations (1 and 2) can also be written in the following form: 
where dimensionless non-Newtonian viscosity (δ), Prandtl number (Pr), Eckert number (Ec), and the parameter forms:
With the boundary conditions on the following fixed walls:
The Skin friction coefficient and the rate of heat transfer h provide an indication on the physical shear wall and the heat transfer fluid, respectively. These coefficients are given by [21] :
THE THEORETICAL METHOD OF GDM
The principle of this method is as follows: Considering the following equation [16, 19] :
where F is the ordinary and partial differential operator including linear and nonlinear terms. Equation (11) can also be written as follows:
The non-linear term Nu equation (12) can take the following form:
where the term represents polynomials Adomian, which can be calculated by the following formula
The important part of the equation (11) is the nonlinear term Nu. Indeed, since the Adomian method appeared, a number of researchers [17, 18] manifested interest in the development of new algorithms that improve the nonlinear behavior term of equation (11), increasing thereby the effectiveness of the standard Adomian method. Among these new algorithms, we can find the one developed by Yong-Chang et al. [19] . This algorithm is a method of generalized Adomian (GDM).
This method retains the general shape of the Adomian decomposition method but differs in the decomposition strategy for the nonlinear term in nonlinear equations. Indeed, this strategy uses all the information necessary for obtaining successive terms of the solution of the nonlinear term.
In the GDM method, the decomposition of polynomials is expressed according to the following formula:
Then, when the polynomials of the generalized Adomian method are known, the components of the solution u is given by:
where Is a constant Finally, after a few iterations, the solution by GDM to equation (11) can be given by:
IMPLEMENTING GDM METHOD Velocity distribution was used to calculate temperatures, heat transfer coefficient and the coefficient of friction.
where: L is a differential operator such that:
The inverse operator − 1 of the differential operator L is expressed by:
By applying equation (21) on the equations (18 and 19), we obtain:
Representing the nonlinear parts of equations (18) (19) . The constants V (0) and θ (0) depend on the boundary conditions (9a -b). In general, form the solutions take the following form: 
The components of the solution of dynamic and thermal fields as GDM method are expressed by: (37) And finally, after a number of iterations, the solutions to equations (6, 7) 
RESULTS AND DISCUSSIONS
The Runge-Kutta method of order four and analytically by a new generalized Adomian technique (GDM), solved the nonlinear problem of the natural convection flow of a non-Newtonian fluid/nanofluid between two vertical planes walls, governed by equations (6, 7) numerically. This work was carried out on different types of nanoparticles and water as a base fluid. The thermo-physical properties of these nanoparticles are shown in Table 1 . Figures (2-3) and Table 2 show a comparison between the numerical and analytical results, and the adopted analytical technique is shown to be more effective. A comparison with other studies [11, 22] was made, as illustrated in histograms (1-2), and table 3 for = 0.5, = 1 = 1 . = 0. Figures (4) (5) show the effect of volume fraction φ of the nanoparticles on velocity and temperature distributions for Silver-water nanofluid δ = 1, Ec = 2 and Pr = 7 .
We can clearly see in Figure ( 4) that there is a proportional relationship between velocity distribution and volume fraction against temperature distribution ( Figure 5 ). As it can be observed, the temperature decreases with increasing volume fraction φ. The effect of the Eckert number on velocity and temperature profiles for the nanofluid (water as a base fluid) is illustrated in Figures (6 and 7) , when δ = 1, = 0.09 and Pr = 7.
From these figures, One can clearly see that increasing the Eckert number causes an increase in velocity and temperature; velocity takes a maximum value in the vicinity of η = −0.5 , whereas the lowest velocity is observed at the point η = ± 1. Figures (8 and 9) show the influence of non-Newtonian viscous parameter δ of the dynamic and thermal profiles for silver-water nanofluid, when Ec = 5, φ = 0.12 and Pr = 7.
It is observed that the velocity and temperature distributions decrease with the increase of the nonNewtonian viscous parameter δ, and the highest velocity is manifested in the neighborhood of η = -0.5 in the case at which the non-Newtonian viscous parameter δ is zero In what follows, we investigate the effects of volume fraction φ and the nature of the nanoparticles on the friction and heat transfer coefficients as shown in Figures (10-11) .
These figures reveal clearly that the friction coefficient and the heat transfer coefficient h for 2 water nanofluid are higher compared to those of other nanofluids (Ag-water CuO-water), and are strongly bound to thermo-physical properties and the nature of the nanoparticles. 
CONCLUSION
In this article, Dynamic and thermal contribution to the flow of a non-Newtonian fluid / nanofluid between two nano-infinite vertical planar walls, was mathematically formulated. Subsequently, a set of strongly coupled nonlinear differential equations of the second order governing velocity and temperature distributions was treated numerically and analytically. In fact, the numerical solution was obtained by the Runge-Kutta technique of fourth order, by contrast, the analytical solution was provided by a new generalized Adomian technique (GDM).
The main conclusions we can draw from this study are: 
